Background: Pregnancy has a well-documented effect on relapses in multiple sclerosis (MS), whereas little is known about the impact of pregnancy and childbirth on the risk of secondary progression. Objective: To investigate the association of parity and secondary progression in women with MS. Methods: The association of the number of births and secondary progression was studied in a hospital-based cohort of 277 women with MS. Data were analysed in a multivariable logistic regression model, with adjustment for possible confounders. Results: Parity was not independently associated with secondary progression, while the factors disease duration (OR per year increase: 1.05, 95% CI 1.03 to 1.09) and use of immunomodulatory treatments (OR 0.23, 95% CI 0.08 to 0.65) were independently associated with secondary progression. Conclusion: We found no evidence that parity influences the risk of secondary progression in MS. Further population-based studies on the association of pregnancy and childbirth on the long-term prognosis of MS are needed.
Multiple sclerosis (MS) affects women about twice as often as men. Since MS often begins in early adulthood, the course of the disease overlaps the childbearing years in many women with MS. A number of studies have been concerned with the impact of pregnancy on MS relapses, but little research has been done on the influence of pregnancies on the onset of secondary progression.
The pathophysiological mechanisms underlying relapses are focal inflammatory lesions in the central nervous system (CNS). The main pathophysiological mechanism of secondary progression appears to be an ill-understood diffuse neurodegeneration throughout the CNS termed ''axonal degeneration.'' Axonal degeneration may begin early in the disease but becomes apparent as secondary progression when enough axons have degenerated to exhaust the functional reserve capacity of the CNS. 1 2 Previous studies have shown that relapses occur less frequently during pregnancy, especially during the third trimester, and that there is a rebound effect with an increase in relapse frequency after delivery. 3 These findings have been associated with the rise and fall of oestrogen and progesterone levels over the course of pregnancy and argue for a suppressive effect of these steroid hormones on the inflammatory component of MS. One exploratory crossover trial found evidence for an effect of oral oestriol treatment on the number of enhancing MRI lesions in a group of 12 women with MS. 4 Information about the effect of pregnancy on the development of secondary progression is scarce. We found only one small study suggesting a significantly decreased risk of a progressive course in women who became pregnant after MS onset. 5 We performed a multivariable logistic regression analysis to evaluate whether having given birth (parity) independently affects the risk of secondary progression in MS.
PATIENTS AND METHODS Patients
The data used in this study were taken from the Groningen MS database. This database contains data on all MS patients attending the MS clinic at the University Medical Center Groningen. At this clinic, patients are seen at least once a year, and demographic and disease-specific data are entered into an electronic database. All patients have a diagnosis of definite MS according to the Poser criteria. 6 Secondary progression was defined as continuous worsening of neurological symptoms unrelated to relapse for at least 1 year. 7 The data include the time of disease onset, symptom at disease onset, use of immunomodulatory treatment (IMT), the onset of secondary progression and the number and birth dates of children.
Statistical considerations
The most attractive method to analyse time to event data, such as the time to secondary progression, is by using multivariable Cox regression models. However, Cox regression analysis requires that the so-called ''proportional hazards assumption'' holds, which in our case means that pregnancies ending in childbirth are expected to have the same effect on the risk of developing secondary progression over the entire course of follow-up. Since pregnancy is restricted to the fertile period of a patient, the proportional hazards assumption is violated, and there is no easy way to correct for this. Because of this difficulty, we decided to perform a binary logistic regression analysis, which is a relatively straightforward method to estimate the independent association of parity and the development of secondary progression with correction for possible confounders, such as age at disease onset, disease duration, symptom at disease onset and the use of IMT.
Regression models
The data were entered into a multivariable binary logistic regression model with secondary progression as the dependent variable. Parity after disease onset (''parous'' vs ''nulliparous''), age at disease onset, disease duration, the use of IMT (for at least 1 year before development of secondary progression or inclusion) and the symptom at disease onset were entered as covariates.
The possible effect of multiparity was investigated in a further model in which parity was classified as ''nulliparous'' versus ''one child'' versus ''two or more children.'' The effect of the total number of pregnancies (before and after the onset of MS) was investigated in a similar model.
The goodness of fit of all regression models was assessed with the Hosmer and Lemeshow statistic.
Statistical significance was taken to be at the two-tailed 0.05 level. All statistical analyses were performed with the SPSS statistical software package version 14 (SPSS, Chicago).
RESULTS

Study population
Information on parity was available in 277 patients with a relapsing-remitting disease onset. The median age at disease onset was 27 years (interquartile range, IQR 23 to 34), and the median disease duration was 17 years (IQR 12 to 25). A total of 136 patients (49%) had developed secondary progression.
For each patient, we determined the number of children born after the onset of MS and before the onset of secondary progression or inclusion into this study: 197 (71%) bore no children during this period, 34 (12%) had one child, and 46 (17%) gave birth to two or more children.
Further information used in this study was the use of IMT for at least 1 year before the onset of secondary progression or before inclusion in this study (present in 29 patients or 11% of the population), and the symptom at disease onset (categorised as ''motor'' in 32 (12%), ''sensory'' in 103 (37%), ''brainstem/ cerebellar'' in 31 (11%), ''visual'' in 99 (36%) and as ''other'' in 12 (4%) patients).
Regression models
Parity was not independently associated with secondary progression in our patient cohort (odds ratio (OR) of parous versus nulliparous women: 0.93, 95% CI 0.50 to 1.72). The use of IMT decreased the odds (OR 0.23, 95% CI 0.08 to 0.65) and disease duration increased the odds (OR per year increase 1.05, 95% CI 1.03 to 1.09) of secondary progression (table 1) . Repeating these analyses with the number of children categorised as ''nulliparous,'' ''one child'' and ''two or more children'' delivered comparable results. Repeating the analyses with the total number of children (born before or after the onset of MS) also gave comparable results (data not shown).
The Hosmer and Lemeshow statistic indicated that all regression models had acceptable goodness of fit.
DISCUSSION
In our patient cohort, parity was not independently associated with secondary progression. Thus, patients who had given birth were neither more nor less likely to develop secondary progression.
The literature on the effect of pregnancy and childbirth on long-term outcomes in MS is dominated by studies investigating disability (for review see Damek and Shuster) 8 and controversial. Some of these studies found no effect of pregnancy on the accumulation of disability, [9] [10] [11] while others even suggested a beneficial effect. 5 12 The only other study that assessed the development of secondary progression compared 28 parous patients with 55 nulliparous patients from a Swedish MS cohort. The authors defined 16 groups, matched for disease duration and level of disability, and found a later onset of secondary progression in the parous patients (p = 0.024). 5 These findings are in conflict with ours, but the Swedish study had a smaller number of patients and used a less stringent statistical approach. However, both studies agree that there is no negative influence of pregnancy and childbirth on the risk of conversion from a relapsing-remitting to a chronic progressive disease course.
We and others have recently found some indication that the use of IMT may postpone the development of secondary progression. 13 14 This effect may be due to the anti-inflammatory action of IMT, which could preserve part of the functional reserve capacity of the CNS. However, patients who stop their medication because of an aggressive disease course in spite of IMT use may have biased these findings. The immunosuppressive state of pregnancies is not reflected in a lower risk of secondary progression in our study, possibly because the effect of pregnancy is neutralised by a rebound effect during the puerperium.
Potential limitations of our study are the fact that our database is hospital-based rather than population-based, which could limit the applicability of our findings to the whole population of MS patients. Besides, we only recorded full-term pregnancies leading to a live birth, so that we could not investigate the effect of pregnancies ending in abortion, miscarriage or stillbirth. Another limitation is the influence of the disease course on the choice of a patient to bear children. Women who develop secondary progression may regularly choose to have no or fewer children-and this would associate progression with nulliparity or few pregnancies. This association could, if strong enough, render a genuine beneficial effect of parity on secondary progression undetectable.
Further studies on the effect of pregnancy on the longer-term prognosis of MS are warranted. Such research should preferably be performed in large population-based cohorts. Competing interests: None. 
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